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SYSTEM OF IMPLANTABLE DEVICES FOR MONITORING
AND/OR AFFECTING BODY PARAMETERS

BACKGROUND OF THE INVENTION

The present invention relates to systems for
monitoring and/or affecting parameters of a patient’s body for
the purpose of medical diagnhosis and/or treatment. More
particularly, systems in accordance with the invention are
characterized by a plurality of devices, preferably battery-
powered, configured for implanting within a patient’s body, each
device being configured to sense a body parameter, e.g.,
temperature, O, content, physical position, etc., and/or to
affect a parameter, e.g., via nerve stimulation.

The copending international application
PCT/US98/03687 entitled “Battery Powered Patient Implantable
Device”, incorporated herein by reference, describes devices
configured for implantation within a patient's body, 1i.e.,
beneath a patient’s skin, for performing wvarious functions
including: (1) stimulation of body tissue, (2) sensing of body
parameters, and (3) communicating between implanted devices and
devices external to a patient’s body.

//
//
//
//
//
//
//
/7
/7
//
//
//
//
//
//
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SUMMARY OF THE INVENTION

The present invention is directed to a system for
monitoring and/or affecting parameters of a patient’s body and
more particularly to such a system comprised of a system control
unit (SCU) and one or more devices implanted in the patient's
body, i.e., within the envelope defined by the patient's skin.
Each said implanted device is configured to be monitored and/or
controlled by the SCU via a wireless communication channel.

In accordance with the invention, the SCU comprises
a programmable unit capable of (1) transmitting commands to at
least some of a plurality of implanted devices and (2) receiving
data signals from at least some of those implanted devices. 1In
accordance with a preferred embodiment, the system operates in
closed loop fashion whereby the commands transmitted by the SCU
are dependent, in part, on the content of the data signals
received by the SCU.

In accordance with a preferred embodiment, each
implanted device is configured similarly to the devices described
in the copending international application PCT/US98/093687 and
typically comprises a sealed housing suitable for injection into
the patient's body. Each housing preferably contains a power
source having a capacity of at least 1 microwatt-hour, preferably
a rechargeable battery, and power consuming circuitry preferably
including a data signal transmitter and receiver and
sensor/stimulator circuitry for driving an input/output
transducer.

In accordance with a significant aspect of the
preferred embodiment, a preferred SCU is also implemented as a
device capable of being injected into the patient's body.
Wireless communication between the SCU and the other implanted
devices can be implemented in various ways, e.g., via a modulated
sound signal, AC magnetic field, RF signal, or electfical
conduction.

In accordance with a further aspect of the
invention, the SCU is remotely programmable, e.g., via wireless

means, to interact with the implanted devices according to a
2
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treatment regimen. In accordance with a preferred embodiment,
the SCU is preferably powered via an internal power source, e.g.:-
a rechargeable battery. Accordingly, an SCU combined with one or
more battery-powered implantable devices, such as those described
in the copending international application, form a self-
sufficient system for treating a patient.

In accordance with a preferred embodiment, the SCU
and other implanted devices are iﬁplemented substantially
identically, being cémprised of a sealed housing configured to be
injected into the patient's body; Each housing contains
sensor/stimulator circuitry for driving an input/output
transducer, e.g., an electrode, to enable it to additionally
operate as a sensor and/or stimulator.

Alternatively, the SCU could be implemented as an
implantable but non-injectable housing which weculd permit it to
be physically larger enabling it to accommodate larger, higher
capacity components, e.g., battery, microcontroller, etc. As a
further alternative, the SCU could be implemented in a housing
configured for carrying on the patient's body outside of the skin
defined envelope, e.g., in a wrist band.

In accordance with the invention, the commands
transmitted by the SCU can be used to remotely configure the
operation of the other implanted devices and/or to interrogate
the status of those devices. For example, various operating
parameters, e.g., the pulse frequency, pulse width, trigger
delays, etc., cof each implanted device can be controlled or
specified in one or more commands addressably transmitted to the
device. Similarly, the sensitivity of the sensor circuitry
and/or the interrogation of a sensed parameter, e.g., battery
status, can be remotely specified by the SCU.

In accordance with a significant feature of the
preferred embodiment, the SCU and/or each ihplantable dévice
includes a programmable memory for storing a set of default
parameters. In the event of power loss, SCU failure, or any
other catastrophic occurrence, all devices default to the safe

harbor default parameters. The default parameters can be
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programmed differently depending upon the condition being
treated. In accordance with a further feature, the systeﬁ.
includes a switch preferably actuatable by an external DC
magnetic field, for resetting the system to its default
parameters. '

In an exemplary use of a system in accordance with
the present invention, a patient with nerve damage can have a
damaged nerve “replaced” by an implanted SCU and one or more
implanted sensors and stimulators, each of which contains its own
internal power source. In this exemplary system, the SCU would
monitor a first implanted sensor for a signal originating from
the patient’s brain and responsively transmit command signals to
one or more stimulators implanted past the point of nerve damage.
Furthermore, the SCU could monitor additional sensors to
determine variations in body parameters and, in a closed loop
manner, react to control the command signals to achieve the
desired treatment regimen.

The novel features of the invention are set forth
with particularity in the appended claims. The invention will be
best understood from the following description when read in

conjunction with the accompanying drawings.

//
/7
/7
’/
//
/7
//
//
/7
//
7/
/
/7
/7
//
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified block diagram of the system
of the present invention comprised of implanted devices, e.g.,
microstimulators, microsensors and microtransponders, under
control of an implanted system control unit (SCU);

FIG. 2 comprises a block diagram of the system of
FIG. 1 showing the functional elements that form the system
control unit and implanted microstimulators, microsensors and
nicrotransponders;

FIG. 3A comprises a blbck diagram of an exemplary
implanted device, as shown in the copending international
application, including a battery for powering the device for a
period of time in excess of one hour in response to a command
from the system control unit;

FIG. 3B comprises a simplified block diagram of
controller circuitry that can be substituted for the controller
circuitry of FIG. 3A, thus permitting a single device to be
configured as a system control unit and/or a microstimulator
and/or a microsensor and/or a microtransponder;

A FIG. 4 is a simplified diagram showing the basic
format of data messages for commanding/interrogating the
implanted microstimulators, nicrosensors and microtransponders
which form a portion of the present invention:

FIG. 5 shows an exemplary flow chart of the use of
the present system in an open loop mode for
controlling/monitoring a plurality of implanted devices, e.g.,
microstimulators, microsensors;

» FIG. 6 shows a flow chart of the optional use of a
translation table for communicating with microstimulators and/or
microsensors via microtransponders;

FIG. 7 shows a simplified flow chart of the use of
closed loop control of a microstimulator by altering comﬁands
from the system control unit in response to status data received
from a microsensor;

FIG. 8 shows an exemplary injury, i.e., a damaged

nerve, and the placement of a plurality of implanted devices,
)
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i.e., microstimulators, microsensors and a microtransponder under
control of the system control unit for “replacing” the damaged"
nerve;
FIG. 9 shows a simplified flow chart of the control
of the implanted devices of FIG. 8 by the system control unit:;
FIGS. 10A and 10BD show two side cutaway views of
the presently preferred embodiment of an implantable ceramic tube
suitable for the housing the system control unit and/or
microstimulators and/or microsensors and/or microtransponders;
FIG. 11 illustrates an exemplary battery suitable
for powering the implantable devices which comprise the
components of the present invention; and
FIG. 12 shows an exemplary housing suitable for an
implantable SCU having a battery enclosed within that has a
capacity of at least 1 watt-hour.
/7
7/
//
7/
7/
//
//
//
//
/7
//
/7
//
/7
//
/7
//
/7
/7
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is directed to a system for
monitoring and/or affecting parameters of a patient’s body and
more particularly to such a system comprised of a system control
unit (SCU) and one or more devices implanted in a patient's body,
i.e., within the envelope defined by the patient's skin. Each
such implantable device is configured to be monitored and/or
controlled by the SCU via a wireless communication éhannel.

In accordance with the invention, the SCU comprises
a programmable unit capable of (1) fransmitting commands to at
least some of a plurality of implanted devices and (2) receiving
data signals from at least some of those implanted devices. In
accordance with a preferred embodiment, the system operates in
closed loop fashion whereby the commands transmitted by the SCU
are dependent, in part, on the content of the data signals
received by the SCU.

In accordance with a preferred embodiment, each
implanted device is configured similarly to the devices described
in the copending international application PCT/US98/03687 and
typically comprises a sealed housing suitable for injection into
the patient's body. Each housing preferably contains a power
source having a capacity of at least 1 microwatt-hour, preferably
a rechargeable battery, and power consuming circuitry preferably
including a data signal transmitter and receiver and
sensor/stimulator circuitry for driving an input/output
transducer.

FIG. 1 (essentially corresponding to FIG. 2 of the
copending international application) and FIG. 2 show an exemplary
system 300 made of implanted devices 100, preferably battery
powered, under control of a system control unit (SCU) 302,
preferably also implanted beneath a patient's skin 12. As
described in the copending international application, potehtial
implanted devices 100 (see alsc the block diagram shown in FIG.
3A) include stimulators , e.g., 100a, sensors, e.g., 100c, and
transponders, e.g., 100d. The stimulators, e.g., 100a, can be

remotely programmed to output a sequence of drive pulses to body
7
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tissue proximate to its implanted 1location wvia attached
electrodes. The sensors, e.g., 100c, can be remotely programmea'
to sense one or more physiological or biological parameters in
the implanted environment of the device, e.g., temperature,
glucose level, 0, content, etc. Transponders, e.g., 100d, are
devices which can be used to extend the interbody communication
range between stimulators and sensors and other devices, e.g., a
clinician's programmer 172 and the patient control unit 174.
Preferably, these stimulators, sensors and transponders are
contained in sealed elongate housing.having an axial dimension of
less than 60 mm and a lateral dimension of less than 6 mnm.
Accordingly, such stimulators, sensors and transponders are
respectively referred to as microstimulators, microsensors, and
microtransponders. Such microstimulators and microsensors can
thus be positioned beneath the skin within a patient's body using
a hypodermic type insertion tool 176.

As described in the copending international
application, microstimulators and microsensors are remotely
programmed and interrogated via a wireless communication channel,
e.g., modulated AC magnetic, sound (i.e., ultrasonic), RF or
electric fields, typi;ally originating from control devices
external to the patient's body, e.g., a clinicians's programmer
172 or patient control unit 174. Typically, the clinician’'s
programmer 172 is used to program a single continuocus or one time
pulse sequence into each microstimulator and/or measure a
biological parameter from one or more microsensors. Similarly,
the patient control unit 174 typically communicates with the
implanted devices 100, e.g., microsensors 100¢c, to monitor
biological parameters. In order to distinguish each implanted
device over the communication channel, each implanted device is
manufactured with an identification code (ID) 303 specified in
address storage circuitry 108 (see FIG. 3A) as described in the
copending international application.

By using one or more such implantable devices in
conjunction with the SCU 302 of the present invention, the

capabilities of such implanted devices can be further expanded.
8
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For example, in an open loop mode (described below in reference
to FIG. 5), the SCU 302 can be programmed to periodicall}ﬁ
initiate tasks, e.g., perform real time tasking, such as
transmitting commands to microstimulators according to a
prescribed treatment regimen or periodically monitor biological
parameters to determine a patient's status or the effectiveness
of a treatment regimen. Alternatively, in a closed loop mode
{described below in reference to FIGS. 7-9), the 8SCU 302
periodically interrogates one or more microsensors and
accordingly adjust the commands tfansmitted, to one or more
microstimulators.

FIG. 2 shows the system 300 of the present invention
comprised of (1) one or more implantable devices 100 operable to
sense and/or stimulate a patient's body parameter in accordance
with one or more controllable operating parameters and (2) the
SCU 302. The SCU 302 is primarily comprised of (1) a housing
206, preferably sealed and configured for implantation beneath
the skin of the patient's body as described in the copending
international application in reference to the implanted devices
100, (2) a signal transmitter 304 in the housing 206 for
transmitting command signals, (3) a signal receiver 306 in the
housing 206 for receiving status signals, and (4) a programmable
controller 308, e.g., a microcontroller or state machine, in the
housing 206 responsive to received status signals for producing
command signals for transmission by the signal transmitter 304 to
other implantable devices 100. The sequence of operations of the
programmable controller 308 is determined by an instruction list,
i.e., a program, stored in program storade 310, coupled to the
programmable controller 308. While the program storage 310 can
be a nonvolatile memory device, e.g., ROM, manufactured with a
program corresponding to a prescribed treatment regimen, it is
preferably that at least a portion of the program storage 310 be
an alterable form of memory, e.g., RAM, EEPROM, etc., whose
contents can be remotely altered as described further below.
However, it is additionally preferable that a portion of the

program storage 310 be nonvolatile so that a default program is
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always present. The rate at which the program contained within
the program storage 310 is executed is determined by clock 3127
preferably a real time clock that permits tasks to be scheduled
at specified times of day.

The signal transmitter 304 and signal receiver 306
preferably communicate with implanted devices 100 using sound
means, i.e., mechanical vibrations, using a transducer having a
carrier frequency modulated by a command data signal. In a
preferred embodiment, a carrier frequency of 100 KHz is used
which corresponds to a frequency that freely passes through a
typical body's fluids and tissues. However, such sound means
that operate at any frequency, e.g., greater than 1 Hz, are also
considered to be within the scope of the present invention.
Alternatively; the signal transmitter 304 and signal receiver 306
can communicate using modulated AC magnetic, RF, or electric
fields.

The clinician's programmer 172 and/or the patient
control unit 174 and/or other external control devices can also
communicate with the implanted devices 100, as described in the
copending international application, preferably using a modulated
AC magnetic field. Alternatively, such external devices can
communicate with the SCU 302 via a transceiver 314 coupled to the
programmable controller 308. Since, in a preferred operating
mode, the signal transmitter 304 and signal receiver 306 operate
using sound means, a separate transceiver 314 which operates
using magnetic means is used for communication with external
devices. However, a single transmitter 304/receiver 306 can be
used in place of transceiver 314 if a common communication means
is used.

FIG. 3A comprises a block diagram of an exemplary
implanted device 100 {as shown in FIG. 2 of the copending
international application) which includes a Dbattery '104,
preferably rechargeable, for powering the device for a period of
time in excess of one hour and responsive to command signals from
a remote device, e.g., the SCU 302. As described in the

copending international application, the implantable device 100
10
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1s preferably configurable to alternatively operate as a
microstimulator and/or microsensor and/or microtransponder due 56
the commonality of most of the circuitry contained within. Such
circuitry can be further expanded to permit a common block of
circuitry to also perform the functions required for the SCU 302.
Accordingly, FIG. 3B shows an alternative implementation of the
controller circuitry 106 of FIG. 3A that 1is suitable for
implementing a microstimulator and/or a microsensor and/or a
microtransponder and/or the SCU 302. In this implementation the
configuration data storage 132 can be alternatively used as the
program storage 310 when the implantable device 100 is used as
the SCU 302. 1In this implementation, XMTR 168 corresponds to the
signal transmitter 304 and the RCVR 114b corresponds to the
signal receiver 306 (preferably operable using sound means via
transducer 138) and the RCVR 1l4a and XMTR 146 correspond to the
transceiver 314 (preferably operable using magnetic means via
coil 116).

In a preferred embodiment, the contents of the
program storage 310, i.e., the software that controls the
operation of the programmable controller 308, can be remotely
downloaded, e.g., from the clinician's programmer 172 using data
modulated onto an AC magnetic field. In this embodiment, it is
preferable that the contents of the program storage 310 for each
SCU 302 be protected from an inadvertent change. Accordingly,
the contents of the address storage circuitry 108, i.e., the ID
303, 1is preferably used as a security code to confirm that the
new program storage contents are destined for the SCU 302
receiving the data. This feature is significant if multiple
patient's could be physically located, e.g., in adjoining beds,
within the communication range of the clinician's programmer 172.

In a further aspect of the present invention, it is
preferable that the SCU 302 be operable for an extended peribd of
time, e.g., in excess of one hour, from an internal power supply
316. While a primary battery, i.e., a nonrechargeable battery,
is suitable for this function, it is preferable that the power

supply 316 include a rechargeable battery, e.g., battery 104 as
11
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described in the copending international application, that can be
recharged via an AC magnetic field produced external to the
patient's body. Accordingly, the power supply 102 of FIG. 3A
(described in detail in the copending international application)
is the preferred power supply 316 for the SCU 302 as well.

The Dbattery-powered devices 100 of the parent
invention are preferably configurable to operate in a plurality
of operation modes, e.qg., vié a communicated command signal. In
a first operation mode, device 100 is remotely configured to be
a microstimulator, e.g., 100a and 100b. In ;his embodiment,
controller 130 commands stimulation circuitry 110 to generate a
sequence of drive pulses through electrodes 112 to stimulate
tissue, e.g., a nerve, proximate to the implanted location of the
microstimulator, e.qg., 100a or 100b. In operation, a
programmable pulse generator 178 and voltage multiplier 180 are
configured with parameters (see Table I) corresponding to a
desired pulse sequence and specifying how much to multiply the
battery voltage (e.g., by summing charged capacitors or similarly
charged battery portions) to generate a desired compliance
voltage V.. A first FET 182 is periodically energized to store
charge into capacitor 183 (in a first direction at a low current
flow rate through the body tissue) and a second FET 184 1is
periodically energized to discharge capacitor 183 in an opposing
direction at a higher current flow rate which stimulates a nearby
nerve. Alternatively, electrodes can be selected that will form
an equivalent capacitor within the body tissue.

//
//
//
//
//
’/
//
//
/7
//
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Current: continuous current charging of
storage capacitor -

Charging currents: i, 3, 10, 30, 100, 250, 500 ua

Current Range: 0.8 to 40 ma in nominally 3.2%
steps

Compliance Voltage: selectable, 3-24 volts in 3 volt
steps

Pulse Frequency(PPS): 1 to 5000 PPS in nominally 30%
steps

Pulse Width: S to 2000 ps in nominally 10% steps

Burst On Time (BON) : 1 ms to 24 hours in nominally 20%
steps

Burst Off Time (BOF): 1 ms to 24 hours in nominally 20%
steps

Triggered Delay to BON: either selected BOF or pulse width

Burst Repeat Interval: 1 ms to 24 hours in nominally 20%

steps
Ramp On Time: 0.1 to 100 seconds (1, 2, 5, 10
steps)
Ramp Off Time: 0.1 to 100 seconds (1, 2, 5, 10
steps)
Table I - Stimulation Parameters

In a next operation mode, the battery-powered
implantable device 100 can be configured to operate as a
microsensor, e.g., 100c, that can sense one or more physiological
or biological parameters in the implanted environment of the
device. In accordance with a preferred mode of operation, the
system control unit 302 periodically requests the sensed data
from each microsensor 100c¢ using its ID stored in address storage
108, and responsively sends command signals to microstimulators,
e.g., 100a and 100b, adjusted accordingly to the sensed data.
For example, sensor circuitry 188 can be coupled to the
electrodes 112 to sense or otherwise used to measure a biological

parameter, e.g., temperature, glucose level, or 0, content and

13
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provided the sensed data to the controller circuitry 106.
Preferably, the sensor circuitry includes a programmable bandpasé”
filter and an analog to digital (A/D) converter that can sense
and accordingly convert the voltage levels across the electrodes
112 into a digital quantity. Alternatively, the sensor circuitry
can include one or more sense amplifiers to determine if the
measured voltage exceeds a threshold voltage value or is within
a specified voltage range. Furthermore, the sensor circuitry 188
can be configurable to include integration circuitry to further
process the sensed voltage. The opération mcdes of the sensor
circuitry 188 is remotely programable via the devices

communication interface as shown below in Table II.

Input voltage range: 5Spuv to 1 V

Bandpass filter rolloff: 24 dB

Low frequency cutoff choices: 3, 10, 30, 100, 300, 1000 Hz
High frequency cutoff choices: 3, 10, 30, 100, 300, 1000 Hz
Integrator frequency choices: 1 PPS to 100 PPS

Amplitude threshold

for detection choices: 4 bits of resolution
Table II - Sensing Parameters

Additionally, the sensing ' capabilities of a
microsensor include the capability to monitor the battery status
via path 124 from the charging circuit 122 and can additionally
include using the ultrasonic transducer 138 or the coil 116 to
respectively measure the magnetic or ultrasonic signal magnitudes
(or transit durations) of signals transmitted between a pair of
implanted devices and thus determine the relative locations of
these devices. This information can be used to determine the
amount of body movement, e.g., the amount that an elbow or finger
is bent, and thus form a portion of a closed loop motion control
system.

In another operation mode, the battery-~powered

implantable device 100 can be configured to operate as a
14
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microtransponder, e.g., 100d. In this operation mode, the
microtransponder receives (via the aforementioned receiver means,
e.g., AC magnetic, sonic, RF or electric) a first command signal
from the SCU 302 and retransmits this signal (preferably after
reformatting) to other implanted devices (e.g., microstimulators,
microsensors, and/or microtransponders) using the aforementioned
transmitter means (e.g., magnetic, sonic, RF or electric). While
a microtransponder may receive one mode of command signal, e.g.,
magnetic, it may retransmit the signal in another mode, e.qg.,
ultrasonic. For example, clinician’s programmer 172 may emit a
modulated magnetic signal using a magnetic emitter 190 to
program/command the implanted devices 100. ~ However, the
magnitude of the emitted signal may not be sufficient to be
successfully received by all of the implanted devices 100. As
such, a microtransponder 100d may receive the modulated magnetic
signal and retransmit it (preferably after reformatting) as a
modulated ultrasonic signal which can pass through the body with
fewer restrictions. In another exemplary use, the patient
control unit 174 may need to monitor a microsensor 100c in a
patient’s foot. Despite the efficiency of |ultrasonic
communication in a patient’s body, an ultrasonic signal could
still be insufficient to pass from a patient’s foot to a
patient’s wrist (the typical location of the patient control unit
174). As such, a microtransponder 100d could be implanted in the
patient’s torso to improve the communication link.

FIG. 4 shows the basic format of an exemplary
message 192 for communicating with the aforementioned battery-
powered devices 100, all of which are preconfigured with an
address (ID), preferably unique to that device, in their
identification storage 108 to operate in one or more of the
following modes (1) for nerve stimulation, i.e., as a
microstimulator, (2) for biological parameter monitoring, i.e.,
as a microsensor, and/or (3) for retransmitting received signals
after reformatting to other implanted devices, 1i.e., as a
microtransponder. The command message 192 is primarily comprised

of a (1} start portion 194 (one or more bits to signify the start
15
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of the message and to synchronize the bit timing between

transmitters and receivers, (2) a mode portion 196 (designating
the operating mode, e.g., microstimulator, microsensor,
microtransponder, or group mode), (3) an address (ID) portion 198

(corresponding to either the identification address 108 or a
programmed group ID), (4) a data field portion 200 (containing
command data for the prescribed operation), (5) an error checking
portion 202 (for ensuring the validity of the message 192, e.qg.,
by use of a parity bit), and (6) a stop portion 204 (for
designating the end of the message 192). The basic definition of
these fields are shown below 1in Table III. Using these
definitions, each device can be separately configured, controlled
and/or sensed as part of a system for controlling one or more

neural pathways within a patient’s body.

MODE ADDRESS (1ID)
00 = Stimulator 8 bit identification address
01 = Sensor 8 bit identification address
02 = Transponder 4 bit identification address
03 = Group 4 bit group identification
address
Data Field Portion
Program/Stimulate = select operating mode
Parameter /
Preconfiguration
Select = select programmable parameter
in program mode or
preconfigured stimulation or
sensing parameter in other
modes
Parameter Value = program value

Table IT]I - Messade Data Fields

Additionally, each device 100 can be programmed with
a group ID (e.g., a 4 bit value) which 1is stored in its
configuration data storage 132. When a device 100, e.g., a
microstimulator, receives a group ID message that matches its
stored group ID, it responds as if the message was directed to
its identification address 108. - Accordingly, a plurality of

microstimulators, e.g., 100a and 100b, can be commanded with a
16
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single message. This mode is of particular use when precise
timing is desired among the stimulation of a group of nerves.

The following describes exemplary commands,
corresponding to the command message 192 of FIG. 4, which
demonstrate some of the remote control/sensing capabilities of
the system of devices which comprise the present invention:

Write Command - Set a microstimulator/microsensor
specified in the address field 198 to the designated parameter
value.

Group Write Command - Set the microstimulators /
microsensors within the group specified in the address field 198
to the designated parameter value.

Stimulate Command - Enable a sequence of drive
pulses from the microstimulator specified in the address field
198 according to previously programmed and/or default values.

Group Stimulate Command - Enable a sequence of drive
pulses from the microstimulators within the group specified in
the address field 198 according to previously programmed and/or
default values.

Unit Off Command - Disable the output of the
microstimulator specified in the address field 198.

Group Stimulate Command - Disable the output of the
microstimulators within the group specified in the address field
198.

Read Command - Cause the microsensor designated in
the address field 198 to read the previously programmed and/or
default sensor value according to previously programmed and/or
default values.

Read Battery Status Command - Cause the microsensor
designated in the address field 198 to return its battery status.

Define Group Command - Cause the microstimulator /
microsensor designated in the address field 198 to be assigned to
the group defined in the microstimulator data field 200.

Set Telemetry Mode Command - Configure the
microtransponder designated in the address field 198 as to its

17
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input mode (e.g., AC magnetic, sonic, etc.), output mode (e.g.,

AC magnetic, sonic, etc.), message length, etc.

Status Repl Command - Return the requested
status/sensor data to the requesting unit, e.g., the SCU.
Download Program Command - Download program / safe

harbor routines to the device, e.g., SCU, microstimulator, etc.,
specified in the address field 198.

FIG. 5 shows a block diagram of an exemplary open
loop control program, i.e., a task scheduler 320, for
controlling/monitoring a body function/parameter. In this
process, the programmable controller 308 1is responsive to the
clock 312 (preferably crystal controlled to thus permit real time
scheduling) in determining when to perform any of a plurality of
tasks. In this exemplary flow chart, the programmable controller
308 first determines in block 322 if is now at a time designated
as Tewenry (or at least within a sampling error of that time),
e.g., at 1:00 AM. If so, the programmable controller 308
transmits a designated command to microstimulator A (ST.) in
block 324. 1In this example, the cecntrol program-~continues where
commands are sent to a plurality of stimulators and concludes in
block 326 where a designated command is sent to microstimulator
X (STy) . Such a subprocess, e.g., a subroutine, is typically
used when multiple portions of body tissue require stimulation,
e.g, stimulating a plurality of muscle groups in a paralyzed limb
to avoid atrophy. The task scheduler 320 continues through
multiple time event detection blocks until in block 328 it
determines whether the time Ty has arrived. If so, the
process continues at block 330 where, in this case, a single
command is sent to microstimulator M (STy). Similarly, in block
332 the task scheduler 320 determines when it is the scheduled
time, i.e., Tgwnor £O execute a status request from microsensor
A (SE,). Is so, a subprocess, e.g., a subroutine, commences at
block 334 where a command is sent to microsensor A (SE.) to
request sensor data and/or specify sensing criteria. Microsensor
A (SEa) does not instantaneously respond. Accordingly, the
programmable controller 308 waits for a response in block 336.

18
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In block 338, the returned sensor status data from microsensor A
(SEp) is stored in a portion of the memory, e.g., a volatile
portion of the program storage 310, of the programmable
controller 308. The task scheduler 320 can be a programmed
sequence, i.e., defined in software stored in the program storage
310, or, alternatively, a predefined function controlled by a
table of parameters similarly stored in the program storage 310.
A similar process can be used where the SCU 302 periodically
interrogates each implantable device 100 to determine its battery
status.

FIG. 6 shows an exemplary use of an optional
translation table 340 for communicating between the SCU 302 and
microstimulators, e.g., lOOa, and/or microsensors, e.g., 100c,
via microtransponders, e.g., 100d. A microtransponder, e.gqg.,
100d, is used when the communication range of the SCU 302 is
insufficient to reliably communicate with other implanted devices
100. In this case, the SCU 302 instead directs a data message,
i.e., a data packet, to an intermediary microtransponder, e.g.,
100d, which retransmits the data packet to a destination device
100. In an exemplary implementation, the translation table 340
contains pairs of corresponding entries, i.e., first entries 342
corresponding to destination addresses and second entries 344
corresponding to the intermediary microtransponder addresses.
When the SCU 302 determines, e.g., according to a timed event
designated in the program storage 310, that a command is to be
sent to a designated destination device (see block 346), the SCU
302 searches the first entries 342 of the translation table 340,
for the destination device address, e.g., STy. The SCU 302 then
fetches the corresponding second table entry 344 in block 348 and
transmits the command to that address. When the second table
entry 344 is identical to its corresponding first table entry
342, the SCU 302 transmits commands directly to the implanted
device 100. However, when the second takle entry 344, e.qg., Ty,
is different from the first table entry 342, e.g., STy, the SCU
302 transmits commands via an intermediary microtransponder,
e.g., 100d. The use of the translation table 340 is optional
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since the intermediary addresses can, instead, be programmed
directly into a control program contained in the program storagé”
310. However, it is preferable to use such a translation table
340 in that communications can be redirected on the fly by just
reprogramming the translation table 340 to take advantage of
implanted transpondersv as required, e.g., 1f communications
should degrade and become unreliable. The translation table 340
is preferably contained in programmable memory, e.g., RAM or
EPROM, and can be a portion of the program storage 310. While
the translation table 340 can be remotely programmed, e.g., via
a modulated signal from the clinician's programmer 172, it is
also envisioned that the SCU 302 can reprogram the translation
table 340 ‘if the commupications degrade.

FIG. 7 is an exemplary block diagram showing the use
of the system of the present invention to perform closed loop
control of a body function. In block 352, the SCU 302 requests
status from microsensor A (SE,). The SCU 302, in block 354, then
determines whether a current command given to a microstimulator
is satisfactory and, if necessary, determines a new command and
transmits the new command to the microstimulator A in block 356.
For example, if microsensor A (SE,) 1is reading a voltage
corresponding to a pressure generated by the stimulation of a
muscle, the SCU 302 could transmit a command to microstimulator
A (STa) to adjust the sequence of drive pulses, e.g., in
magnitude, duty cycle, etc., and accordingly change the voltage
sensed by microsensor A (SE,). Accordingly, closed loop, i.e.,
feedback, control is accomplished. The characteristics of the
feedback (position, integral, derivative (PID)) control are
preferably program controlled by the SCU 302 according to the
control program contained in program storage 310.

FIG. 8 shows an exemplary injury treatable by
embodiments of the present system 300. In this exemplary injury,
the neural pathway has been damaged, e.g, severed, just above the
a patient's left elbow. The goal of this exemplary system is to
bypass the damaged neural pathway to permit the patient to regain
control of the left hand. An SCU 302 is implanted within the
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patient's torso to control plurality of stimulators, ST,-STs,
implanted proximate to the muscles respectively controlling the
patient's thumb and fingers. Additionally, microsensor 1 (SE,)
is implanted proximate to an undamaged nerve portion where it can
sense a signal generated from the patient's brain when the
patient wants hand closure. Optional microsensor 2 (SE,;) is
implanted in a portion of the patient's hand where it can sense
a signal corresponding to stimulation/motion of the patient's
pinky finger and microsensor 3 (SE,;) is implanted and configured
to measure a signal corresponding to grip pressure generated when
the fingers of the patient's hand are closed. Additionally, an
optional microtransponder (T,;) is shown which can be used to
improve the communication between the SCU 302 and the implanted
devices.

FIG. 9 shows an exemplary flow chart for the
operation of the SCU 302 in association with the implanted
devices in the exemplary system of FIG. 8. In block 360, the SCU
302 interrogates microsensor 1 (SE,;) to determine if the patient
is requesting actuation of his fingers. If not, a command is
transmitted in block 362 to all of the stimulators (ST,-STs) to
open the patient's hand, i.e., to de-energize the muscles which
close the patient's fingers. If microsensor 1 (SE,) senses a
signal to actuate the patient's fingers, the SCU 302 determines
in block 364 whether the stimulators ST,-ST: are currently
energized, i.e., generating a sequence of drive pulses. If not,
the SCU 302 executes instructions to energize the stimulators.
In a first optional path 366, each of the stimulators are
simultaneously (subject to formatting and transmission delays)
commanded to energize in block 366a. However, the command signal
given to each one specifies a different start delay time (using
the BON parameter). Accordingly, there is a stagger between the
actuation/closing of each finger. '

In a second optional path 368, the microstimulators
are consecutively energized by a delay a. Thus,
microstimulator 1 (ST,) is energized in block 368a, a delay is
executed within the SCU 302 in block 368b, and so on for all of
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the microstimulators. Accordingly, paths 366 and 368 perform
essentially the same function. However, .in path 366 the
interdevice timing is performed by the clocks within each
implanted device 100 while in path 368, the SCU 302 1is
responsible for providing the interdevice timing.

In path 370, the SCU 302 actuates a first
microstimulator (ST,) in block 370a and waits in block 370b for
its corresponding muscle to be actuated, as determined by
microsensor 2 (SE,), before actuating the remaining stimulators
(ST,-STs) in block 370c. This impleméntation could provide more
coordinated movement in some situations.

Once the stimulators have been energized, as
determined in block 364, closed loop grip pressure control is
performed in blocks 372a and 372b by periodically reading the
status of microsensor 3 (SE,;) and adjusting the commands given to
the stimulators (ST,—-STg) accordingly. Consequently, this
exemplary system has enabled the patient to regain control of his
hand including coordinated motion and grip pressure control of
the patient's fingers.

Referring again to FIG. 3A, a magnetic sensor 186 is
shown. 1In the copending international application, it was shown
that such a sensor 186 could be used to disable the operation of
an implanted device 100, e.g., to stop the operation of such
devices in an emergency situation, in response to a DC magnetic
field, preferably from an externally positioned safety magnet
187. A further impleméntation is disclosed herein. The magnetic
sensor 186 can be implemented using various devices. Exemplary
of such devices are devices manufactured by Nonvolatile
Electronics, Inc. (e.g., their AA, AB, AC, AD, or AG series),
Hall effect sensors, and subminiature reed switches. Such
miniature devices are configurable to be placed within the
housing of the disclosed SCU 302 and implantable devices 100.
While essentially passive magnetic sensors, e.g., reed switches,
are possible, the remaining devices include active circuitry that
consumes power during detection of the DC magnetic field.

Accordingly, it is preferred that controller circuitry 302
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periodically, e.g., once a second, provide power the magnetic
sensor 186 and sample the sensor's output signal 374 during thaéﬂ
sampling period.

In a preferred implementation of the SCU 302, the
programmable controller 308 is a microcontroller operating under
software control wherein the software is 1located within the
program storage 310. The SCU 302 preferably includes an input
376, e.g., a non maskable interrupt (NMI), which causes a safe
harbor subroutine 378, preferably located within the program
storage 310, to be executed. Additiénally, failure or potential
failure modes, e.g., low voltage or over temperature conditions,
can be used to cause the safe harbor subroutine 378 to be
executed. Typically, such a subroutine could cause a sequence of
commands to be transmitted to set each microstimulator into a
safe condition for the particular patient configuration,
typically disabling each microstimulator. Alternatively, the
safe harbor condition could be to set certain stimulators to
generate a prescribed sequence of drive pulses. Preferably, the
safe harbor subroutine 378 can be downloaded from an external
device, e.g., the clinician's programmer 172, into the program
storage 310, a nonvolatile storage device. Additionally, it is
preferable that, should the programmable contents of the program
storage be lost, e.g., from a power failure, a default safe
harbor subroutine be used instead. This default subroutine is
preferably stored in nonvolatile storage that is not user
programmable, e.g., ROM, that is otherwise a portion of the
program storage 310. This default subroutine is preferably
general purpose and typically is limited to commands that turn
off all potential stimulators.

Alternatively, such programmable safe harbor
subroutines 378 can exist in the implanted stimulators 100.
Accordingly, a safe harbor subroutine could be individﬁally
programmed into each microstimulator that is customized for the
environments of that microstimulator and a safe harbor subroutine

for the SCU 302 could then be designated that disables the SCU
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302, i.e., causes the SCU 302 to not issue subsequent commands to
other implanted devices 100. N

FIGS. 10A and 10BD show two side cutaway views of
the presently preferred construction of the sealed housing 206,
the battery 104 and the circuitry (implemented on one or more IC
chips 216 to implement electronic portions of the SCU 302)
contained within. In this presently preferred construction, the
housing 206 is comprised of an insulating ceramic tube 260 brazed
onto a first end cap forming electrode 1ll2a via a braze 262. At
the other end of the ceramic tube 260 is a metal ring 264 that is
also brazed onto the ceramic tube 260. The circuitry within,
i.e., a capacitor 183 (used when in a microstimulator mode),
battery 104, IC chips 216, and a spring 266 is attached to an
opposing second end cap forming electrode 112b. A drop of
conductive epoxy is used to glue the capacitor 183 to the end cap
112a and is held in position by spring 266 as the glue takes
hold. Preferably, the IC chips 216 are mounted on a circuit
board 268 over which half circular longitudinal ferrite plates
270 are attached. The coil 116 is wrapped around the ferrite
plates 270 and attached to IC chips 216. A getter 272, mounted
surrounding the spring 266, is preferably used to increase the
hermeticity of the SCU 302 by absorbing water introduced therein.
An exemplary getter 272 absorbs 70 times its volume in water.
While holding the circuitry and the end cap 112b together, one
can laser weld the end cap 112b to the ring 264. Additionally,
a platinum, iridium, or platinum-iridium disk or plate 274 is
preferably welded to the end caps of the SCU 302 to minimize the
impedance of the connection to the body tissue.

An exemplary battery 104 is described more fully
below in connection with the description of FIG. 11. Preferably,
the battery 104 is made from appropriate materials so as to
provide a power capacity of at least 1 microwatt-hour, prefefably
constructed from a béttery having an energy density of about
240 mW-Hr/cm>. A Li-I battery advantageously provides such an
energy density. Alternatively, an Li-I-Sn battery provides an

energy density up to 360 mW-Hr/cm?’. Any of these batteries, or
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other batteries providing a power capacity of at least 1
microwatt-hour may be used with implanted devices of the presenéu
invention.

The battery voltage V of an exemplary battery is
nominally 3.6 volts, which is more than adequate for operating
the CMOS circuits preferably used to implement the IC chip(s)
216, and/or other electronic circuitry, within the SCU 302. The
battery voltage V, in general, is preferably not allowed to
discharge below about 2.55 volts, or permanent damage may result.
Similarly, the battery 104 should preferably not be charged to a
level above about 4.2 volts, or else permanent damage may result.
Hence, a charging circuit 122 (discussed in the copending
international applicationf is used to avoid any potentially
damaging discharge or overcharge.

The battery 104 may take many forms, any of which
may be used so long as the battery can be made to fit within the
small volume available. As previously discussed, the battery 104
may be either a primary battery or a rechargeable battery. A
primary battery offers the advantage of a longer life for a given
energy output but presents the disadvantage of not being
rechargeable (which means once its energy has been used up, the
implanted device no longer functions). However, for many
applications, such as one-time-only muscle rehabilitation
regimens applied to damaged or weakened muscle tissue, the SCU
302 and/or devices 100 need only be used for a short time (after
which they can be explanted and discarded, or simply left
implanted as benign medical devices). . For other applications, a
rechargeable battery is clearly the preferred type of energy
choice, as the tissue stimulation provided by the microstimulator
is of a recurring nature.

The considerations relating to using a rechargeable
battery as the battery 104 of the implantable device 100 are

presented, inter alia, in the book, Rechargeable Batteries,

Applications Handbook, EDN Series for Design Engineers, Technical
Marketing Staff of Gates Energy Products, Inc. (Butterworth-

Heinemann 1992). The basic considerations for any rechargeable
25

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 98/43700 PCT/US98/05964

battery relate to high energy density and long cycle 1life.
Lithium based batteries, while historically used primarily as ;
nonrechargeable battery, have in recent years appeared
commercially as rechargeable batteries. Lithium-based batteries
typically offer an energy density of from 240 mW-Hr/cm® to 360
mW-Hr/cm?®. In general, the higher the energy density the better,
but any battery construction exhibiting an energy density
resulting in a power capacity greater than 1 microwatt-hour is
suitable for the present invention.

One of the more difficult hurdles facing the use of
a battery 104 within the SCU 302 relates to the relatively small
size or volume inside the housing 206 within which the battery
must be inserted. A typical SCU 302 made in accordance with the
present invention is no larger than about 60 mm long and 8 mm in
diameter, preferably no larger than 60 mm long and 6 mm in
diameter, and includes even smaller embodiments, e.g., 15 mm long
with an O0.D. of 2.2 mm (resulting in an I.D. of about 2 mm).
When one considers that only about % to » of the available volume
within the device housing 206 is available for the battery, one
begins to appreciate more fully how little volume, and thus how
little battery storage capacity, is available for the SCU 302.

FIG. 11 shows an exemplary battery 104 typical of
those disclosed in the copending international application.
Specifically, a parallel-connected cylindrical electrode
embodiment is shown where each cylindrical electrode includes a
gap or slit 242; with the cylindrical electrodes 222 and 224 on
each side of the gap 242 forming a common connection point for
tabs 244 and 246 which serve as the electrical terminals for the
battery. The electrodes 222 and 224 are separated by a suitable
separator 248. The gap 242 minimizes the flow of eddy currents
in the electrodes. For this embodiment, there are four
concentric cylindrical electrodes 222, the outer one (lafgest
diameter) of which may function as the battery case 234, and
three concentric electrodes 224 interleaved between the

electrodes 222, with six concentric cylindrical separator layers
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248 separating each electrode 222 or 224 from the adjacent
electrodes. B

Accordingly, a preferred embodiment of the present
invention is comprised of an implanted SCU 302 and a plurality of
implanted devices 100, each of which contains its own
rechargeable battery 104. As such, a patient is essentially
independent of any external apparatus between battery chargings
(which generally occur no more often than once an hour).
However, for some treatment regimen, it may be adequate to use a
power supply analogous to that described in U.S. Patent No.
5,324,316 that only provides power while an external AC magnetic
field is being provided, e.g., from charger 118. Additionally,
it may be desired, e.g., from a cost standpoint, to implement the
SCU 302 as an external device, e.g., within a watch-shaped
housing that can be attached to a patient’s wrist in a similar
manner to the patient control unit 174.

The power consumption of the SCU 302 is primarily
dependent upon the circuitry implementation, preferably CMOS, the
circuitry complexity and the clock speed. For a simple systen,
a CMOS implemented state machine will be sufficient to provide
the required capabilities of the programmable controller 308.
However, for more complex systems, e.g., a system where an SCU
302 controls a large number of implanted devices 100 in a closed
loop manner, a microcontroller may be required. As the
complexity of such microcontrollers increases (along with its
transistor count), so does its power consumption. Accordingly,
a larger battery having a capacity of 1 watt-hour is preferred.
While a primary battery is possible, it is preferable that a
rechargeable battery be used. Such larger batteries will require
a larger volume and accordingly, cannot be placed in the
injectable housing described above. However, a surgically
implantable device within a larger sealed housing, e.g., héving
at least one dimension in excess of 1 inch, will serve this
purpose when used in place of the previously discussed injectable
housing 206. FIG. 12 shows an exemplary implantable housing 380
suitable for such a device.
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While the invention herein disclosed has been
described by means of specific embodiments and applicationéu
thereof, numerous modifications and variations could be made
thereto by those skilled in the art without departing from the
scope of the invention set forth in the claims. For example, a
system including multiple SCUs, e.g., one external and one
internal, is considered to be within the scope of the present
invention. Additionally, while the use of a single communication
channel for communication between one or more SCUs and the other
implanted devices has been described; a system implemented using
multiple communication channels, e.g., a first sonic channel at
a first carrier frequency and a second sonic channel at a second
carrier frequency, is also considered to be within the scope of
the present invention.

//
/7
/7
//
/7
//
/7
//
//
/7
//
/7
/7
/7
//
//
//
//
//
//
/7
//
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CLATMS

1. A system for monitoring and/or affecting at
least one parameter of a patient's body, said system comprising:
at least one implantable device operable to
sense and/or stimulate a patient's body parameter in accordance
with one or more controllable operating parameters; and
a system control unit for controlling said
controllable operating parameters, said system control unit
comprising:
a sealed elongate housing configured for
implantation in a patient's body;
a signal transmitter in said housing for
transmitting command signals;
a signal receiver in said housing for
receiving status signals; and
a programmable controller in said housing
responsive to received status signals for producing command
signals for transmission by said signal transmitter to said
implantable devices.

2. The system of c¢laim 1 wherein said sealed
housing has an axial dimension of less than 60 mm and a lateral
dimension of less than 6 mm suitable for injection into the
patient's body.

3. The system of claim Al comprising at least one
said implantable device operable as a sensor and at least one
said implantable operable as a stimulator and wherein said
controller is responsive to status data signals received from
said sensor for generating said addressable command data signals
to said stimulator to perform closed 1loop control of the
operation of said stimulator.

//
//
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4., The system o0f claim 1 wherein said system
control unit additionally comprises a power source containedu
within said sealed housing for providing operating power to said
data signal transmitter, said data signal receiver, and said
programmable controller. ’

S. The system of claim 1 wherein said signal
receiver includes a coil responsive to status signals defined by
a modulated magnetic field.

6. The system o©f claim 1 wherein said signal
receiver includes a transducer responsive to status signals

defined by a modulated ultrasonic signal.

7. The system of claim 1 wherein said signal
transmitter includes means for transmitting command signals in
the form of a modulated magnetic field.

8. The system of claim 1 wherein said signal
transmitter includes means for transmitting command signals in

the form of a modulated ultrasonic signal.

9. The system of claim 1 wherein said system
control unit additionally includes:
at least one electrode;
sensor/stimulator circuitry:; and wherein
said sensor stimulator circuitry is
configurable to generate a data signal representative of an
electrical signal conducted by said electrode and/or supply a

sequence of drive pulses to said electrode.

10. The system of claim 1 wherein each of said
implantable devices includes a power source having a capacity of
at least 1 microwatt-hour.

/7
//
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11. The system o0f claim 10 wherein each said
implantable device includes means for monitoring status of it;.
power source and salid system control unit is configured to
transmit command signals to each said implantable device and to

responsively receive status signals corresponding to said power
source status.

12. The system of claim 1 further including:
program storage means in said housing for
specifying the operation of said prégrammable controller; and
means to modify said program storage means in

response to signals received by said signal receiver.

13. The system of claim 12 wherein said program
storage means includes means to cause said system control unit to

transmit a programmable list of command signals to said
implantable devices.

14. The system of claim 13 wherein said means to
cause said system control unit to transmit a programmable list of
command signals includes:

a magnetic sensor for generating a signal
responsive to a DC magnetic field:; and wherein
said programmable list of command signals is
transmitted in response to said magnetic sensor signal.
//
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/7
//
//
//
//
/7
//
/7
/7

31

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 98/43700 PCT/US98/05964

15. A system control unit configured for
implantation in a patient’s body for controlling/monitoring thé"
operation of one or more other implantable addressable devices,
said system contrecl unit comprising:

a sealed elongate housing;

a data signal transmitter for wireless
transmission of command data signals:

a data signal receiver for wireless reception
of status data signals;

a controller capabie of accepting status data
signals from said data signal receiver and sending addressable
command data signals to said data signal transmitter in response
thereto to control and/or monitor the operation of one or more
other implantable devices in accordance with one or more
controllable operating parameters;

program storage means for specifying the
operation of said controller; and wherein

said data signal transmitter, data signal
receiver, said controller, and said prcgram storage means are
disposed within said sealed housing.

16. The system control unit of claim 15 wherein
said sealed housing has an axial dimension of less than 60 mm and
a lateral dimension of less than 6 mm suitable for injection into
the patient's body.

17. The system control unit of claim 15
additionally comprising a power source contained within said
sealed housing for providing operating power to said data signal
transmitter, said data signal receiver, said controller, and said
program storage means.

18. The system control unit of claim 15 wherein
said data signal receiver includes a coil responsive to a status

data signal defined by a modulated magnetic field.
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19.. The system control unit of claim 15 wherein
said data signal receiver includes a transducer responsive to a

status data signal defined by a modulated ultrasonic signal.

20. The system control unit of claim 15 wherein
said transmitter includes means for transmitting a command data
signal in the form of a modulated magnetic field.

21. The system control unit of claim 15 wherein
said transmitter includes means for transmitting a command data

signal in the form of a modulated ultrasonic signal.

22. The system control unit of claim 15 further
including means to modify said program storage means in response

to signals received by said data signal receiver.

23. The system control unit of claim 15

additionally including:

at least one electrode;

sensor/stimulator circuitry; and wherein

said sensor stimulator circuitry is
configurable to generate a data signal representative of an
electrical signal conducted by said electrode and/or supply a
sequence of drive pulses to said electrode.
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24, A system for monitoring and/or affecting at
least one parameter of a patient’s body, said system comprising:
a system control unit positioned outside of the

patient's body comprising:
means for providing wireless transmission

of command data signals:;

means for providing wireless reception of
status data signals; and
means capable of accepting status data
signals from said data signal receiver and sending addressable
command data signals to said data signal transmitter in response
thereto to control and/or monitor the operation of one or more
implantable devices;
and
at least one addressable device configured for
implantation in a patient’s body responsive to said command data
signals, said implantable devices selected from one or more of
the following groups:
stimulators having at least one electrode
configured to produce an electrical current for stimulating body
tissue to affect a parameter of the patient’s body; and
sensors having at least one electrode
configured to produce a data signal corresponding to an
electrical signal conducted by said electrode and representative
of a parameter of the patient’s body; and wherein
each of said implantable devices includes a

power source having a power capacity of at least 1 microwatt-
hour.
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25. The system of claim 24 wherein said implantable
devices include:

at least one stimulator and at least one
sensor; and wherein

said system control unit is responsive to
status data signals received from said sensor for generating said
addressable command data signals to said stimulator to perform

closed loop control of the operation of said stimulator.

26. The system of claim 24 wherein said groups of
implantable devices further include transponders for transmitting

a data signal related to a command signal received by said
transponder.

27. The system of claim 24 wherein said implantable
devices include:
at least one stimulator, at least one sensor
and at least one transponder; and wherein
said system control unit is responsive to
status data signals received from said sensor for generating said
addressable command data signals to said stimulator to perform

closed loop control of the operation of said stimulator.

28. The system of claim 27 wherein said status data

signal received from said sensor is received wvia said
transponder.

29. The system of claim 27 wherein said stimulator
is responsive to said command data signals received via said
transponder.

30. The system of claim 24 wherein said wireless
reception means includes a coil responsive to a status data

signal defined by a modulated magnetic field.
//
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31. The system of claim 24 wherein said wireless
reception means includes a transducer responsive to a status data

signal defined by a modulated ultrasonic signal.

32. The system of claim 24 wherein said wireless
transmission means includes means for transmitting a command data

signal in the form of a modulated magnetic field.

33. The system of claim 24 wherein said wireless
transmission means includes means for transmitting a command data
signal in the form of a modulated ultrasonic signal.
/7
/7
/7
//

//
/7
//
//
//
//
/7
//
//
//
//
//
//
//
//
//
//
//
/7
/7
//

36

SUBSTITUTE SHEET (RULE 26)



PCT/US98/05964

WO 98/43700

1/14

L Ol

YOSN3S

nos
2001 \w\N\
-
HOLVINWILS
20¢

000!

4IANOJSNV AL

N

00¢
00]8

JOLVINNILS
14°]3

9001

91|

~N
-—

NS =0 1NN
\ T0ULNOD
R\ AV
1N
/
N
- DINOSVEIT
N
N
Lr
N
N 13NOVA AL3SVS
N N S N~
\ /8)
¢s __ND
SNLVLS
y39uvHo| 8t

%

SV A A7 7777 7 7 7 7 7 L 2L L L Ll

=

T00L NOILY3SNI

YINAVYI0Hd S.NVIDINITD

cLl

SUBSTITUTE SHEET (RULE 26)



PCT/US98/05964

WO 98/43700

2/14

s0¢ | huoa ") P08 | coe MINRVEO0Ud A T0IND
T Sy A SNVIDINT INJLYd [N
LSS S ZL1 "
| SIEOLVIONLS] "4 [ESONOGSIVALYS
. M0l 001
o - . 71
M 201 :
308N05 AT /\/
cos | WM 4M0d
A~ SSTHAV 5| SSO0Y |__c0¢ \
W 1o HOSNTS 1 [EEONOdSNVRL
| POOL 4 \,\Sm
3001 : | e Kidds]
. AR qMOd [ 9IE
¢o! U5 90¢
/\/ _
vl S| o
35 SSTUAV |~ _ 0l
L HOSNIS IVE0IS |5
Z01 ' n:\ _ul Jiv1 \
W | el e
v d LA
IS TCANG BN R L7 0 N i
DIYINALLY €0¢ 7 80§ A~
°001 A ¥0§ LINN TOMINOD W3LSAS 45y
A08 Sinauvd  COf

00¢

SUBSTITUTE SHEET (RULE 26)



5
¥

PCT/US98/05964

WO 98/43700

V¢ Ol

9zt

ZA

91l

08!
W 723 QI .
s Y T
wm,m_%w AHLINOM) ITIONINGD |
¥30N0SNVAL O bl va0LS |- O
JINOSVALIN ¥ Y1V
HAY "\ 80121 NOLLY 9y
N ~N91NO? 4
Qi _
_
5 | AL 7 e AL
ot A7 YITIONND |5
8ol luoswas|— vl 3 4
AV 8Ll
91
88l 4 oz\w\
L/ 0/Z1
HOLVYINI 301V
N E L -1080
ol TORINO || 0uLNO) = ] K u0d
11N PUVH) T
2% ¥and 1
qzil 281 -1 L LLVE 1NOYID
wdb L S |5 ) (oo
W = = S \N——] AL
0z11 AiInoNo zo:@:w \N N 4#% 3 N
oLzl
£l 00 o8l v0lgz1 7y, 221 0zt

SUBSTITUTE SHEET (RULE 26)



PCT/US98/05964

WO 98/43700

“8LE

4/14

981 4OSN3S JILINOVA WOY3 \,\

17A%

a¢ Ol
JOVY0LS VIVQ A
NUNOES o vangianoa |1 L
mwmw: /3VHOLS NN NOILYISNVAL N
HYA904d ol -
80!
a
9§
~{INN
YITIONLNOD
TIBVANYI0d [~
| ANLINOYID 4
Y31104LNOD

901

0LC)

SUBSTITUTE SHEET (RULE 26)



PCT/US98/05964

‘WO 98/43700

5/14

¥ Ol

VIV
HOLYINALLSOHOIN
ONMOIHD|  INTVA 19313 {avinms| (o)
d0IS [“yomp3 | waiavavd | wadnvavd |/mvesond| ssmwaay | 0N | L9VIS
_ J \,\ \,\ \,\
<
w0z 202 002 gl 951 6l

6l

SUBSTITUTE SHEET (RULE 26)



WO 98/43700

6/14

PCT/US98/05964

OPEN LOOP CONTROL/MONITOR

FIG. 5

SUBSTITUTE SHEET (RULE 26)

320
322 /\/
. 324
IS TIME =
; YES TRANSMIT COMMAND | A~
EVENTI 10 ST,
NO T
. 326
TRANSMIT COMMAND |\
T0 ST,
: 328
| TRANSMIT COMMAND 330
IS TIME = |YES Pt
T 10 ST,
EVENTM
NO
332
334
IS TIME = |YES TRANSMIT COMMAND P
T TO SE
EVENTO A
NO
336
[ WAIT FOR |
: RESPONSE
338
STORE STATUS
FROM SE, o



WO 98/43700 . PCT/US98/05964

7/14
* 346 340
RECEIVE COMMAND 342 344
0 TRANSMIT N7 TRANSLATION/J
COMMAND ST, TABLE //
DESTINATION [TRANSPONDER
] 348 ST ST
USE DESTINATION ADDRESS A A
AS INDEX INTO NS SE, SE,
TRANSLATION TABLE, |
FETCH "TRANSPONDER"
ENTRY . :
SE,, T,
Y 350 STM TN
TRANSMIT COMMAND 10 L\~ :
TRANSPONDER ENTRY : :
ADDRESS

#

OPTIONAL USE OF
TRANSLATION TABLE

FIG. 6

SUBSTITUTE SHEET (RULE 26)



WO 98/43700 PCT/US98/05964

8/14

REQUEST STATUS

FROM 352
SEA /\/

354

DETERMINE COMMAND

A
ACCORDING TO STATUS
SE A

TRANSMIT P

COMMAND
ST A

+

356

CLOSED LOOP CONTROL
FIG. 7

SUBSTITUTE SHEET (RULE 26)



WO 98/43700 : PCT/US98/05964

9/14

DAMAGED
NERVE

EXEMPLARY INJURY

FIG. 8

SUBSTITUTE SHEET (RULE 26)



WO 98/43700

PCT/US98/05964

10/14
] 360
iS N\
STATUS SE1= YES ARE ST| - ST5 364
-\~
ENERGIZED
ENERGIZE
362 IYEs |NO
NO 370
RESET 3660 | T 368 .
COMMAND :4/366 ~" 3680 | /370“.
ST, - ST_ -
1 3 TRANSMIT R | . JRANSMIT OR TRANSMIT
COMMAND ST, OR | coMMAND ST, COMMAND ST,
(DELAY = 0)
COMMAND ST, 368b 370b
(DELAY = A) [ DAY & ] NO - ud
: TRANSMIT STATUS SE, =
COMMAND STs)  coumano s, ENERGIZED
DELAY = 4A
} DELAY & 368c  —~mangwiT
3720 | : COMMAND
l TRANSMIT 368d |ST, - STg
READ STATUS SE ! COMMAND ST, |
GRIP 3| — . !
PRESSURE { ! ! 366 | 370c
CONTROL  [ADJUST COMMAND : : :
ST, - ST, ! | |
\/\ I [ I
372b | ! !

COORDINATED CLOSED LOOP HAND CONTROL

FIG. 9

SUBSTITUTE SHEET (RULE 26)



PCT/US98/05964

WO 98/43700

11/14

vOoL "Old
qQcll $9C 911 89¢C ¢9¢ ogll
X b i /
) L0Z
992 : /
N S T
r.2 2L o_NR\,g ww_ owm\\ 60 ¥0I 9oz £8l Mgm
802

A

00!

SUBSTITUTE SHEET (RULE 26)



PCT/US98/05964

‘WO 98/43700

99¢

avic

g0l 'Ol
292 vzl
8, /
102
A
ot vl wld "
2Lt orz 3¢ 21 gz 09C 602 %0l 907 ovsZ
802

SUBSTITUTE SHEET (RULE 26)



o7

WO 98/43700 . PCT/US98/05964

v

13/14

242 ELECTRODE
TYPE 'A’
222

ELECTRODE
TYPE 'B’

SEPARATOR
224

248

244 \%

246

234

FIG. 1

SUBSTITUTE SHEET (RULE 26)



»/

WO 98/43700

14/14

>1

FIG. 12

SUBSTITUTE SHEET (RULE 26)

PCT/US98/05964

302

380



RPN

INTERNATIONAL SEARCH REPORT tntemational application No.
- PCT/US98/05964

A. CLASSIFICATION OF SUBJECT MATTER
IPC(6) :AGIN 1/365 .
Us CL.  :607/032

According to International Patent Classification (1PC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
U.S. : 128/897-899, 903; 607/32, 37, 60, 62

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
NONE

Electronic data base consulted during the intemational search (name of data base and, where practicabic, search terms used)
NONE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category® Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 5,411,535 A (FUIJII et al.) 02 May 1995, entire document. 1-33
AP US 5,728,154 A (CROSSETT et al.) 17 March 1998, entire| 1-33

document.

AP US 5,694,952 A (LIDMAN et al.) 09 December 1997, entire| 1-33
document.

D Further documents are listed in the continuation of Box C. D Scc patent family annex.,

. Special categories of cited documents: *T* inter o bluhed sfter the ) filing date or priority
. . A date snd not in conflict with the application but cited w0 undersiand
A d fi the g 1 suate of the ant which 13 not consideved the principie or theory underlymng the 1nvention
to be of partcular relevance
-ge blished feer & I filing da X document of perucular relevance; the clmmmed wmvenuon cannot be
eartier document publis on or after the internsuonal filing date considered novel or cannot be dered to ve an sep
*Le document which may throw doubts on prionty claim(s) or which is when the document 1 taken alone
cited to establish the publicsuon date of snother ciauon or other oye document of cuter vel the claimed nvention cannot be
& 280! 1 PRI elevance; nuol
specisl ¥ n (a3 wpocified) conmidered 0 involve an nvenuve step when the document u
*0" document referring to an oral disclosure. use, exhibwion or other combined with one or mure other such d such
means baing obvious o & person skilled in the art
o document published prior to the imemsuonal {iling dste but later than  eg « document member of the same patent family
the priority dsiwe clanmed
Date of the actual completion of the internationai search Date of m:uluU gf lhj D [nai:onal search report
18 JUNE 1998
Name and mailing address of the ISA/US Authdri of ﬁcc; \
Commissioner of Patents and Trademarks ( e
Box PCT SAMUEL GlLBERT
Washington. D.C. 20231 ~"
Facsimile No.  (703) 305-3230 Telephone No. (703) 308-3553

Form PCT/1SA/210 (second sheet)(July 1992)«




	2007-11-29 Foreign Reference

